We demonstrate applications of a novel scheme which is used for measuring refractive index and thickness of thin film by analyzing the relative phase difference and reflected ratio at reflection point of a monolithic folded Fabry-Perot cavity (MFC). The complex refractive index and the thickness are calculated according to the Fresnel formula. Results show that the proposed method has an improvement in accuracy with simple and clear operating process compared with the conventional Ellipsometry.
INTRODUCTION
Ellipsometry is a versatile and powerful optical technique for the investigation of the complex refractive index or thickness, which gives access to fundamental physical parameters and is related to a variety of sample properties, including morphology, glass quality, chemical composition, and electrical conductivity.
The mechanism of Ellipsometry is based on exploiting the polarization transformation when a beam of polarized light is reflected from or transmitted through the interface or film and then obtains relative phase difference between S and P polarization components [1] . However, Ellipsometry [2] [3] [4] [5] is applied with complicated measuring process and limited accuracy of thin film thickness accuracy, 1 nm, and refractive index accuracy, 0.01, due to big error when reading angles [6] .
Here, we demonstrate a novel scheme which is used for measuring the thickness and refractive index of thin films by measuring the relative phase difference between S and P. Compared to Ellipsometry, this method can improve the accuracy of measuring film thickness up to 0.1 nm and refractive index accuracy, 0.001, because of higher spectral resolution by using the Littrow configuration of laser source in our experiments.
EXPERIMENT AND RESULTS
In our experiments, a setup, shown in figure 1, is used to measure the relative phase difference between S and P. In this setup, a commercial MQW GaAlAs laser diode (Hitachi HL6738MG) with spectral range from 680 nm to around 695 nm operate at 689 nm and provide an output power of 5.3 mW. The threshold current is 50 mA and the laser is driven at a pump current of 60 mA. The temperature of laser diode is stabilized at room temperature by thermoelectric cooler. The laser beam is incident on the diffraction grating of 2400 grooves/mm with spectral resolution of 50 GHz. Laser frequency of laser diode with a wide spectral range is selected with diffraction grating. And laser frequency can be scanned by controlling PZT. The confocal MFC [7] in figure 1 , made of optical quartz glass is schematically shown in figure 2, including two optical planes, S1, S2, and an optical spherical S3, which define a confocal F-P cavity. The thin film coated material is Tantalum oxide (Ta 2 O 5 ), and the coupling plane S1 has a reflectivity of 0.91 (0.88) for S (P) polarization. Plane S2 is a total internal reflection surface, and S3 is a spherical mirror with a reflectivity of 99.9%. The geometric length of the MFC is 30.17 mm, designed equal to the radius of curvature of S3. The finesse of the MFC is 33 (25) for S (P) polarization. The laser beam, with an external incidence angle of 45.00° at point A, travels along the route of ABCBADA. Resonance feedback beam is collinear with the incident light but in the opposite propagating direction, shown in figure 2. In our experiments, the first medium is optically denser than the second, and is Brewster angle. In the case of the reflected wave, the phase changes of each component of the reflected wave will depend on the incidence magnitudes, θ . To apply the Fresnel formula [8] , the intensity of the light which is totally reflected is equal to the intensity of the incident light. 
According equation (1) (2), we determine the changes s δ , p δ , in the phases of the components of the reflected and the incident wave. Write down an expression for the relative phase difference The measure setup is shown in figure 1 , for obtaining relative phase difference Δ inside optically denser medium. S and P resonance are separately acquired by adjusting the half-wave plate, which is used for changing the polarization direction of incidence to S and P respectively. Figure 3 shows the changing procedure of S (green) and P (blue) component resonance of confocal MFC. Because of the Littrow configuration of laser source in figure 1 , spectral resolution is determined to be 3 MHz. The continuous tuning range can be achieved to be about 6 GHz wih mode-hop suppression of the Littrow configuration laser. Therefore, 3.413(3) GHz of the free spectral range is obtained by scanning PZT, in which higher order mode appear in the middle of the spectral range because of incidence pattern dismatching to the confocal MFC. S and P resonance are separately acquired by adjusting the half-wave platefigure 1, which is used for changing the polarization direction of incidence. Total relative phase difference of round trip is determined by [9] 2* * * v t π Δ = Δ
Where t is propagation time, determined by (4) and (5) are same quantity by integer N and theoretical value of the relative phase difference at reflection point A. By equation (4), we can get the value of total relative phase difference, Δ .
On the other hand, total relative phase difference is expressed by [8] Δ is inferred to be around -167.42°, where contains some deviation with -180.00°. The deviation, we think, is caused by coating films of plane S1, shown in figure  4 . In thin film area, the relative phase difference, 1 Δ , and amplitude ratio changes tanψ are the key elements to measure refractive index 2 n and thickness 2 d of a film. Ellipsometry [2] [3] [4] [5] is applied not only with complicated measuring process, but also with limited accuracy of thin film thickness, 1 nm and refractive index accuracy, 0.01, due to big error when reading angles [6] . Therefore, we propose this method to improve the measuring accuracy of film thickness up to 0.1 nm and accuracy of refractive index 0.001 with simple and clear operating process.
We magnify the S1 of the confocal MFC in Fig.5 , which depicts a typical system consisting of a film of refractive index 2 n and thickness 2 d on a reflecting substrate of index 3 n immersed in air of index 1 n . In our case the substrate is 
The 1 Δ can be gotten by our setup above and ψ can be calculated by Eqn(6) with the ratio of the parallel and normal reflection coefficients. The value of the amplitude ratio changes, tanψ , can be calculated to be 0.91 (1) , where the data shown in brackets is uncertainty, by S and P resonances according Fig.3 . The uncertainty of tanψ is determinged by power amplitudes fluctuations of the P and S polarized signals, which is associated with fluctuations in the laser power output. According to Eqn (11-12), complex refractive index 2 n can be calculated to be 2.182(3)-1.323(6)i. And finally, according to Eqn (9), film thickness 2 d values can be calculated to be 162.1(1) nm, where the data in brackets is uncertainty of last digit.
INTRODUCTION
In summary, we design a novel setup to precisely determine the relative phase difference 1 Δ , and by roughly given the amplitude ratio changes tanψ , complex refractive index 2 n and film thickness 2 d can be calculated to be 2.182(3)-
1.323(6) i, and 162.1(1) nm according the theory above separately. The above analyses have shown that the scheme used to measure the complex refractive index of films is more accurate compared to conventional Ellipsometry. It also can be used to measure the refractive index of other materials. In the future we envisage a polychromatic version of the setup using a tunable laser or multiple laser sources of different wavelengths to validate the method.
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